. Distribution of DNA methylation related genes in metazoan genomes. The indicated gene number was determined using phylogenetic reconstruction (Maximum likelihood, see Methods section) of each gene family (DNMT, SRA, TET, MBD, zinc finger CXXC) and mapped on the current animal phylogeny 77, 78 . A question mark is indicated on gene absences that might be due to incomplete genome annotations or assemblies, based on its incongruence with the presence of other genes of the pathway (e.g. lacking UHRF1 when encoding DNMT1). Grey shading indicates separate lineages. Bold red numbers indicate the presence of a zinc finger CXXC in any of the given orthologues of a gene family found in a given species. Presence or absence of genes has been determined by phylogenetic reconstruction of each family, see Gene annotation section in Methods. Figure 2 . Protein domain conservation of DNA methylation related genes. (a) Protein Domain architecture of DNMT1, DNMT3, TET and UHRF1 in metazoans and the corresponding gene IDs in Amphimedon, Sycon, Mnemiopsis, Trichoplax and Nematostella. Protein domains are defined as in the PFAM database (PF06464 DMAP_binding, PF12047 RFD, PF02008 zf-CXXC, PF01426 BAH, PF00145 DNA_methylase, PF00855 PWWP, PF12851 Tet_JBP, PF00240 Ubiquitin, PF12148 TTD, PF00628 PHD, PF02182 SRA). The Mnemiopsis DNMT1 gene model is incomplete in the genome annotation, but can be fully recovered using a transcriptome assembly. In the case of the Mnemiopsis TET ortholog, both the genome annotation and the transcriptome assembly lack a zf-CXXC domain. DMAP_binding domain, responsible for binding to the transcriptional co-repressor DMAP1, is only found in Nematostella DNMT1 and in some bilaterians (including vertebrates), but is absent in sponges, placozoans and ctenophores.
Supplementary
(b) Amino acid multi-sequence alignment of DNMT1, DNMT3, TET and UHRF1 orthologs in 5 species. Top track shows level of identity in each given aligned position, and color of the amino acids is determined by similarity, where black is identical and white is more dissimilar as computed by Geneious software. Domains are highlighted with green arrows on the human orthologues. (c) Alignment focusing on the PWWP domain from DNMT3 orthologues. Amino acids coloured by polarity (using Geneious). Green squares indicate amino acid positions that diminish DNMT3B preference for H3K26me3 when mutated 44 .
Supplementary Figure 3 . Amphimedon shows widespread methylation on gene bodies and transposable elements. (a) Heatmap showing methylation levels on gene bodies of four non-bilaterian species. Genes have been classified as unmethylated based on having an overall gene body mCG level (mCG/CG) < 0.1. Colour legend on the right hand side, left, missing data (lack of coverage or lack of CpGs in window) is shown in grey. (b) Heatmap showing methylation levels on transposable elements. (c) Profile showing the mean methylation level on gene bodies classified by deciles of expression in stage-matched RNAseq datasets. "Not expressed" genes are defined as genes encoding at least a PFAM domain (not associated with transposable elements) and with RNA-seq TPM < 1, however some of these genes might be in fact pseudo-genes misspredicted by ab initio gene prediction algorithms. Very low methylation levels on these "non expressed" genes in Mnemiopsis and Nematostella might suggest that either these genes are pseudogenes or that genes that are expressed in a very specific cell-type or time-point (and thus not-detected by bulk RNA-seq) reside in gene-poor regions. (d) Mean methylation level on gene bodies divided by gene orientation. Orientation of genes as shown in legend. Gene 3' end orientation influences the methylation profiles of Amphimedon, Sycon and Nematostella, while Mnemiopsis is not affected. 5' orientation shows increased depletion of upstream methylation in Sycon and Nematostella non-bidirectional promoters, while it does not affect Mnemiopsis genes. In the case of Amphimedon, bi-directional promoters show a wider unmethylated region than unidirectional promoters. For each species, the specific MethylCseq library used to obtain the methylation levels is indicated below the species genus. Abbreviations: TSS (Transcriptional Start Site), TES (Transcriptional End Site). Figure 2d containing a CpG in a consensus position within the motif. (c) Distribution of mCG/CG values on distinct positions of the motif of each transcription factor as defined in panel (a) . The values for the ampDAP-seq peaks are only those that do not overlap with the DAP-seq peaks. Colour code indicates the enrichment trend when comparing methylated calls versus unmethylated calls in DAP-seq peaks versus ampDAPseq specific peaks as represented in the legend on the right hand side.

Supplementary Figure 7. Convergent motif enrichment in hypermethylated genomes.
Motif scan enrichments in unmethylated promoters for species with mC, and H3K4me3 marked promoters for species lacking mC (shown in blue). Mnemiopsis is an exception as it shows DNA methylation in promoters unlike any other metazoan. P-value as obtained by a one-sided binomial test. For promoter definition, see Methods section. Supplementary Table 2 . TAB-seq global statistics. Uncorrected global hydroxymethylation levels for each of the TAB-seq samples computed for different sequence contexts. The methylation level in the CG context for the SspI methylated lambda spike-in represents the non-oxidation rate after the Tet enzyme reaction, the methylation level in the CH context of the lambda phage genome spike-in represents the non-conversion rate after the bisulfite reaction and the methylation level in the PUC19 plasmid spike-in represents the protection rate of the hydroxymethyl groups.
